A myriad of diabetes prevention programs are carried out worldwide to fight against the current type 2 diabetes (T2D) pandemic. The lack of a unified criterion for evaluating the efficacy of T2D prevention programs, however, makes the interpretation of prevention program results difficult, and hinders clear and direct comparisons of different prevention programs. Metabolic syndrome is a strong indicator for diabetes and its complications, holding great promise to become the basis of an intervention evaluation method. The Metabolic Syndrome Index (MSI), proposed here, quantifies the metabolic risk for developing T2D and its complications. The MSI is a novel scale for evaluating the efficacy of diabetes prevention programs because it is a systematic, comprehensive, and stable indicator that reflects the metabolic risk reduction for diabetes and its complications at multiple levels and dimensions.
INTRODUCTION
In epidemiology, population attributable risk is the common method to describe risk reduction for a disease or an unhealthy condition [1] . However, this method is not applicable for most type 2 diabetes (T2D) prevention programs that involve intensive lifestyle intervention because these programs usually do not include a control group due to the nature of their study designs and ethical concerns. Currently, percent weight loss is a widely used indicator to evaluate the efficacy of T2D prevention programs because of its clear relationship with diet modifycation and exercise-two common constructs in lifestyle intervention [2, 3] . Yet, weight change alone may not fully reflect the efficacy of lifestyle intervention in terms of improving prediabetes conditions and reducing the risk of developing T2D and its complications. Recently, Feller and colleagues pointed out that waist circumference provides a better measure of diabetes risk than BMI because development of T2D is especially influenced by visceral fat, which is more metabolically active and produces more hormones and cytokines than other adipose tissues [4] . In addition, many research studies have confirmed that beneficial changes in T2D incidence can be achieved independently of weight loss [5] [6] [7] .
Metabolic syndrome, which is associated with central obesity and insulin resistance, among several other cardiometabolic components (Table 1) , has been demonstrated as a reliable predictor of T2D and cardiovascu lardiseases [7] [8] [9] [10] [11] [12] . Since cardiovascular diseases such as heart disease and stroke are the major diabetes complications, metabolic syndrome holds great promise to become the basis for measuring risk reduction for diabetes and its complications resulting from lifestyle intervenetions. Many research studies have included the pre-post measurement of metabolic syndrome components in their reports and confirmed that symptoms of metabolic syndrome can be improved by lifestyle interventions [13] [14] [15] [16] [17] [18] . However, analysis of each of these components separately may mask or distort the comprehensive change across symptoms because all metabolic syndrome components are mutually linked with strong interactions. Application of a Metabolic Syndrome Index (MSI) overcomes this disadvantage because it incorporatesall metabolic syndrome components into a single, stable, and comprehensive score, reflecting the metabolic risk for diabetes and its complications. Because metabolic syndrome is a cluster of metabolic risk factors that contribute greatly to the development of T2D, these syndrome components can be thought of as constituting a network of symptoms that reflect the risk for type 2 diabetes and its complications. The MSI is a scaleof that network. The definition and clinical cutoff values of metabolic syndrome was adopted from the criteria proposed by the American Heart Association (AHA) and the National Heart, Lung, and Blood Institute (NHLBI) in 2005 [11] .
METHODS
The MSI, proposed here, is a five-point scale that assigns one point to each of the five metabolic syndrome components-waist circumference, blood pressure, triglycerides, high-density lipoprotein (HDL) cholesterol, and fasting blood glucose ( Table 1) . The five components are assumed to be equally important for diabetes and its complications because each component is assigned one point only. The validity of index's component equality is assured by the AHA/NHLBI criteria, which is defined as the presence of any three or more of the syndrome's five components. In this way the proposed MSI accounts for the clinical significance of each of the syndrome's risk factor cutoff values, and acknowledges the equal weight placed on each of the syndrome's diagnostic components.
Calculation of the MSI for an individual could not be simpler: a one point score is assigned to any risk factor that exceeds the metabolic syndrome cutoff value, and a score of zero is assigned to any risk factor value that falls below the cutoff value. The MSI value is simply the sum of the scores assigned each of the syndromes five components (Figure 1) . A range from zero to five quantifies the metabolic risk for diabetes and its complications which can be reduced by lifestyle intervention. A MSI value should be calculated at least twice (before and after intervention) in order to calculate the percentage of the risk reduction potentially resulting from the intervene- tion. Extra measurements during the intervention will provide more information in understanding the responses of metabolic syndrome components to lifestyle interventions and the trend of the MSI. The percentage of a MSI reduction quantifies the amount of risk for diabetes and its complications that has been avoided. In order to interpret the MSI better, we propose to use a new concept-metabolic risk-in describing the risk reduction caused by lifestyle intervenetion. Metabolic risk for diabetes and its complications is generally attributable to environmental and behavioral factors; in other words, risk that can be modified by lifestyle interventions. This risk reduction can be calculated and expressed as a single MSI value. Additionally, adoption of the MSI value will likely prove convenient for public health professionals because it is a direct reflection of the efficacy of T2D prevention interventions.
DISCUSSION
Lifestyle intervention for diabetes prevention programs is a multidimensional process with a series of health promotion strategies at multiple levels. The complexity of diabetes prevention programs necessitates a comprehensive and integrated method to evaluate their efficacy. Unlike weight loss, metabolic syndrome components provide multiple parameters that cover more aspects of risk reduction caused by lifestyle intervention and can provide a more comprehensive evaluation of the strengths and weaknesses of a given diabetes intervenetion. Utilization of a MSI incorporates and integrates di-verse risk measures into one single parameter that can comprehensivelyquantify the efficacy of that programboth for individual participants, and for the intervention participant group as a whole.
Because the MSI being proposed here is derived from the sum of dichotomous (yes/no) variables reflecting established diagnostic cutoff values for the five risk factor components of metabolic syndrome, it might be argued that the MSI lacks sensitivity to improvements in component risk factors that do not reach these cutoff values. What the MSI may lack in sensitivity, however, it makes up in reliability. The fact that the metabolic syndrome identifies a suite of specific risk factors (present/ absent) that have been shown to accurately predict future risk of developing T2D, suggests that any reduction in the MSI constitutes a clear and significant reduction in the future risk for developing T2D. The same cannot be said with respect to improvements in the absolute values of metabolic syndrome risk factor components that do not meet diagnostic cutoff values. As a result, we would suggest that the reliability of the MSI to predict clear and meaningful reductions in the risk of developing T2D sets an appropriate standard for the evaluation of T2D prevention program efficacy.
Application of the MSI provides summarized information in addition to metabolic syndrome components in evaluating diabetes prevention programs. It also serves as a comparison for other evaluation tools used in T2D prevention programs by reporting the amount of metabolic risk reduction for diabetes and its complications that has been achieved. Furthermore, the changes in each of the MSI components provides a more comprehensive evaluation of diabetes prevention program efficacy, showing great potential for helping public health professionals individualize and optimize program curriculums for different target populations. Conventional usage of the MSI in T2D research will establish a unified criterion in evaluating T2D prevention programs and facilitate efficacy comparisons among disparate diabetes interventions.
